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(57) ABSTRACT

A disc brake for a motor vehicle 1s provided. The disc brake
includes a brake disc, a brake caliper configured to straddle
the brake disc, a tappet carried by the brake caliper and
arranged to push a brake pad against the brake disc, and a
bellows provided between the brake caliper and the tappet to
seal a gap between the brake caliper and the tappet. A layer of
flexible thermal insulation material may be provided between
the bellows and the tappet. The layer of flexible thermal
insulation material 1s configured to protect an outer surface of
the bellows facing the brake pad from exposure to heat. Alter-
natively, the bellows may include a layer of flexible thermal
insulation material on which an elastomer layer 1s formed.
The layer of flexible thermal insulation material 1s configured
to face the brake pad.
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THERMAL PROTECTION FOR DISC BRAKE
COMPONENTS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

BACKGROUND OF THE INVENTION

The present invention relates to thermal protection of disc
brake components.

The application of a brake pad against a rotating brake disc
results 1n the generation of very high temperatures. Although
a large portion of the heat generated by the friction between
the brake pad and the brake disc 1s dissipated by heat transier
directly from the brake disc to the air, a significant amount of
heat passes from the brake pad into the structure of the brake
caliper. In particular, undesirably high amounts of heat may
be transferred to heat-sensitive components within the brake
caliper.

As shown 1n FIG. 1, a typical disc brake 100 uses at least
one moveable piston or tappet 110 to exert a braking force on
a brake disc 120 via a brake pad 130. The disc brake 100 may
include two brake pads 130 opposed to each other on either
side of the brake disc 120 (not shown). The brake caliper 140
straddles the brake disc 120, with the brake pad 130 located
between the tappet 110 and the brake disc 120. When the
brake pad 130 1s 1n a new condition, the tappet 110 15 1n a fully
retracted position at a maximum distance from the brake disc
120, as shown 1n FIG. 1. In order to push the brake pad 130
against the brake disc 120, the tappet 110 moves toward the
brake disc 120. As the brake pad 130 1s used, the friction
between the brake pad 130 and the brake disc 120 causes the
friction material of the brake pad 130 and the brake disc 120
to wear down. As the thickness of the brake pad 130
decreases, the tappet 110 moves closer to the brake disc 120
to maintain a desired maximum clearance between the brake
pad 130 and the brake disc 120 in order to minimize brake
free-play. Eventually the tappet 110 reaches a fully extended
position when the brake pad 130 and the brake disc 120 are in
a maximum wear condition, as shown 1n FIG. 2.

In order to ensure the performance of the disc brake 100
over 1ts service life, the internal caliper components must be
protected from environmental influences, such as dust,
chemicals, gases, and water. Typically a bellows 1350 1s pro-
vided to seal the annular gap between the brake caliper 140
and the tappet 110, and to prevent dust, chemicals, gases, and
water from entering the internal mechanism of the brake. The
bellows 150 has a first surface 151 that1s affixed to the caliper
140, and a second surface 152 that 1s affixed to the tappet 110.
The first surface 151 of the bellows 150 may be directly
connected to the caliper 140 or to a component outside of the
caliper 140, such as a cover plate bolted to the caliber 140 (not
shown). The bellows 150 extends and retracts with the tappet
110 as the tappet 110 advances toward the brake disc 120 and
returns 1o 1ts rest position. In this way the bellows 150 main-
tains the seal between the brake caliper 140 and the tappet 110
during all operational conditions.

The bellows 150, which 1s typically made of silicon rubber,
1s particularly sensitive to high temperatures. Contact
between the bellows 150 and the portion of the tappet 110
immediately adjacent to the brake pad 130 (i.e. the portion of
the tappet 110 reaching the highest temperatures during brake
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application) must be avoided, because this portion of the
tappet 110 may reach temperatures that can melt or damage
the rubber bellows 150. Such contact 1s particularly likely
when the tappet 110 1s 1n or near the fully retracted position as
shown 1n FIG. 1, when the bulk of the retracted the bellows
150 1s gathered near the tappet 110. Further, the folds of the
bellows 150 do not collapse uniformly during retraction.
Instead, the folds collapse stepwise, and single folds can
resist the collapsing movement by remaining 1n an inclined
position for an extended period of time. This increases the risk
ol contact between local areas of the bellows 150 and the
tappet 110 as the tappet 110 moves away from the brake disc
120.

The bellows 150 1s also vulnerable to convective heat trans-
ter from the braking process. For example, when the tappet
110 1s 1n the fully extended position as shown 1n FIG. 2, the
bellows 150 1s completely unfolded, such that 1ts full wall
length 1s exposed to environmental attack and heat from the
braking process. Further, the bellows 150 typically sees
higher temperatures when the tappet 100 1s fully extended
(1.. when the brake pad 130 and the brake disc 120 are 1n the
maximum wear condition), as compared to when the brake
pad 130 and the brake disc 120 are new. This 1s due to the
reduced heat capacity of the brake disc 120 and the brake pad
130 caused by their reduced thicknesses as well as the
reduced thermal insulation effect of the thinner, worn out
brake pad 130. Therefore, the bellows 150 1s particularly
vulnerable to thermal degradation when the tappet 110 1s 1n
the fully extended position.

Previous disc brake designs have included mechanisms for
protecting the bellows from heat generated during the braking
process. For example, the rubber bellows may be enclosed
with a metallic spiral spring enclosure. However, because the
metal has a high heat conductivity, the metal may melt or
damage the rubber bellows upon contact. Further, 1t 1s diffi-
cult to prevent contact between the metallic enclosure and the
bellows, due to the small packaging space and the uncontrol-
lable deformation of the bellows and the metallic spring. In
addition, the metallic enclosure has a poor strength of shape,
especially along the lateral direction and in the tully expanded
position. This can cause individual coils to skip or jam, which
adversely affects the protection function of the metallic
enclosure. It can also compromise the full release of the brake
and cause a running clearance reduction with the risk of a hot
running brake. Further, in this state 1t 1s not possible to com-
pletely retract the tappet from the brake disc to change the
brake pad, due to the increased block height of the spiral
spring.

U.S. Pat. No. 7,267,207 discloses a disc brake 1n which the
rubber bellows are replaced with metallic bellows. However,
this requires a high cost for caliper design changes, because
metallic bellows are made of very thin-walled and high-grade
stainless steel, and the metallic bellows are costly. In addition,
relatively high forces are needed to deform the metallic bel-
lows during extension and retraction of the tappet.

U.S. Publication No. 2001/004°7913 discloses a disc brake
that includes a pressure plate and a heat shield on the back
plate of the brake pad. However, this provides limited protec-
tion against convective heat transier, because the sides of the
bellows are still exposed. Also, additional space 1s needed for
the pressure plate and heat shield, and there 1s a significant
additional cost to provide the pressure plate and heat shield,
and their connection to the tappet.

U.S. Publication No. 2006/01751355 discloses a disc brake
that includes an 1nsulation disc on the tappet. The 1nsulation
disc 1s only effective against conductive heat transfer, and
does not prevent contact between the bellows and the tappet.
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Also, depending on 1its elasticity, the insulation disc may
increase the stroke demand of the brake.

In addition, other disc brake designs have included a heat
shield that partially covers the bellows. For example, U.S. Pat.
No. 4,431,090 discloses a rubber ring that deforms when
impacted by the piston, U.S. Pat. No. 3,592,303 discloses an
clastic heat shield that expands circumierentially as the
plunger extends, and European Patent No. EP 1 972 821 Bl
discloses a metallic heat shield that 1s inserted into an end of
the bellows. However, none of these disc brake designs pro-
vides a heat shield that protects the entire exposed surface of
the bellows throughout the operation of the disc brake.

Accordingly, there 1s a need for an improved disc brake 1n
which the bellows 150 1s protected against excessive heat
generated during the braking process. In particular, the appa-
ratus should advantageously protect the bellows 150 from
heat throughout the entire operating range of the tappet 110.

SUMMARY OF THE INVENTION

The present invention addresses the foregoing problems by
the novel arrangement of thermal barriers between the bel-
lows and the tappet. In a first embodiment of the present
invention, a layer of flexible thermal insulation material 1s
provided between the bellows and the tappet. The layer of
flexible thermal insulation material 1s configured to protect an
outer surface of the bellows facing the brake pad from expo-
sure to heat. The bellows is configured to seal the air gap
when the tappet is in the fully retracted position, the fully
extended position, and any intermediate position.

The layer of flexible thermal insulation material may
include a first fixed end and a second fixed end. A section
between the first fixed end and the second fixed end may be
coniigured to maintain the protection of the outer surface of
the bellows as the tappet moves toward the brake disc. The
section may be configured to unfold or unroll as the tappet
moves toward the brake disc.

The flexible thermal mnsulation material may be a woven or
knitted material. The woven or knitted material may include
s1lica yarns, a combination of silica and fiberglass yarns, or
basalt yarns, which are non-metallic.

The first fixed end of the layer of flexible thermal insulation
material may be attached to the tappet, and the second fixed
end of the layer of flexible thermal insulation material may be
attached to the brake caliper. Alternatively, the first fixed end
of the layer of flexible thermal insulation material may be
attached to an inner circumierence of the bellows, and the
second fixed end of the layer of flexible thermal insulation
material may be attached to an outer circumierence of the
bellows.

The section of the layer of flexible thermal insulation mate-
rial between the first fixed end and the second fixed end may
include a first segment adjacent to the first fixed end, wherein
the first segment 1s provided between the bellows and the
tappet 1n a direction of brake pad application when the tappet
1s 1n a retracted state. The section may also include a second
segment adjacent to the second fixed end, wherein the second
segment 1s provided 1n a space outside of an outer circumier-
ence of the bellows when the tappet 1s in the retracted state.

The disc brake with the layer of flexible thermal insulation
material may be incorporated into an axle for a motor vehicle.
The disc brake with the layer of flexible thermal mnsulation
material may also be incorporated 1nto a motor vehicle.

According to another embodiment of the present invention,
the bellows includes a first layer of flexible thermal insulation
material and a first elastomer layer formed on a first surface of
the first layer of tlexible thermal insulation material. A second

10

15

20

25

30

35

40

45

50

55

60

65

4

surface of the first layer of flexible thermal 1nsulation material
opposing the first surface faces the brake pad.

The flexible thermal insulation material may be a woven or
knmitted matenal. The woven or knitted material may include
s1lica yarns, a combination of silica and fiberglass yarns, or
basalt yarns. The elastomer layer may include silicon rubber.

The bellows may also include a second layer of flexible
thermal insulation material and a second elastomer layer
formed on a first surface of the second layer of flexible ther-
mal insulation material. The first elastomer layer and the
second elastomer layer may be separated by an air gap. Alter-
natively, the first elastomer layer and the second elastomer
layer may be jomned by a plurality of additional elastomer
layers to form a series of stacked discs.

The disc brake with the bellows may be incorporated into
an axle for a motor vehicle. The disc brake with the bellows
may also be incorporated into a motor vehicle.

Other objects, advantages, and novel features of the present
invention will become apparent from the following detailed
description of the mnvention when considered in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a partial sectional view of a typical disc brake

when the brake pad 1s in a new condition;

FIG. 2 shows a partial sectional view of the typical disc
brake of FIG. 1 when the brake pad and the brake disc are in
a maximum wear condition;

FIG. 3 shows apartial sectional view of a disc brake with an
insulation disc between the tappet and the bellows, according
to an exemplary embodiment of the present invention;

FIG. 4 shows a partial sectional view of a disc brake with a
folded 1nsulation layer between the tappet and the bellows,
according to an exemplary embodiment of the present mven-
tion;

FIG. 5 shows a partial sectional view of a disc brake with an
insulation shell between the tappet and the bellows, according
to an exemplary embodiment of the present invention;

FIG. 6 shows a partial sectional view of a disc brake 1n
which the bellows 1s replaced with a compound material
including a layer of flexible thermal insulation material on
which an elastomer layer 1s formed, according to an exem-
plary embodiment of the present invention;

FIGS. 7A and 7B show examples of bellows made with the
compound material according to exemplary embodiments of
the present invention; and

FIGS. 8A and 8B show examples of disc brakes that incor-
porate the bellows shown 1 FIGS. 7A and 7b, respectively.

DETAILED DESCRIPTION

FIG. 3 shows a partial sectional view of a disc brake 100
with an isulation disc 200 between the tappet 110 and the
bellows 150, according to an exemplary embodiment of the
present invention. Similar to FI1G. 1, the tappet 110 shown 1n
FIG. 3 1s 1n a fully retracted position. The insulation disc 200
1s inserted into an existing air gap between the tappet 110 and
the bellows 150 to prevent the bellows 150 from contacting
the tappet 110. The msulation disc 200 has an annular shape.
A first end 210 of the msulation disc 200 may be a circular
inner circumierence that 1s attached to the tappet 110. A
second end 220 of the mnsulation disc 200 may be a circular
outer circumierence that extends beyond the outer circumfier-
ence of the bellows 150. The insulation disc 200 may rest on
the tappet 110 and move downward with the tappet 110 to
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prevent the bellows 150 from contacting the tappet 110. The
second end 220 of the insulation disc 200 1s not attached to the
caliper 140.

The insulation disc 200 1s a flexible thermal insulation
material, which may be a woven or knitted maternial. For
example, the flexible thermal insulation material may be
made of silica yarns, a combination of silica and fiberglass
yarns, or basalt yarns. Other materials may be chosen to
optimize temperature resistance and disc brake design, and to
minimize cost.

Because the folds of the bellows 150 rest against the insu-
lation disc 200, preventing the bellows 150 from contacting
the tappet 110, the bellows configuration 1s no longer con-
strained by the need to shape the bellows 150 1n a manner that
prevents contact with the tappet 110. The nsulation disc 200
therefore permits more free deformation of the bellows 150,
allowing the length and/or diameter of the bellows 150 to be
optimized to improve the functionality and service life of the
bellows 150. Further, the increased design freedom permits
the space needed to 1nstall the bellows 150 to be decreased by
compressing the bellows 150 in a defined manner when the
tappet 110 1s fully retracted without risking thermal overload
of the bellows 150. For example, the compression may be
made to occur between the msulation disc 200 and the rear
wall of the space for the bellows 1350.

FIG. 4 shows a partial sectional view of a disc brake 100
with a folded insulation layer 300 between the tappet 110 and
the bellows 150, according to another exemplary embodi-
ment of the present invention. Similar to FIG. 1, the tappet
110 shown 1n F1G. 4 1s 1n a fully retracted position. The folded
insulation layer 300 1s a flexible thermal insulation material,
which may be a woven or knitted material. For example, the
flexible thermal 1nsulation material may be made of silica
yarns, a combination of silica and fiberglass yarns, or basalt
yarns. Other materials may be chosen to optimize tempera-
ture resistance and disc brake design, and to minimize cost.
For example, the folded insulation layer 300 may be cut out of
a flat woven or knitted half-finished cloth, or cut off of a
knitted hose.

As shown 1n FIG. 4, the folded msulation layer 300 has a
first fixed end 310 and a second fixed end 320. The first fixed
end 310 may be attached to the tappet 110 and the second
fixed end 320 may be attached to the caliper 140. Alterna-
tively, the first fixed end 310 and the second fixed end 320
may be attached to the bellows 150. Specifically, the first fixed
end 310 may be attached to the mner circumierence of the
bellows 150, and the second fixed end 320 may be attached to
the outer circumierence of the bellows 150. Some or all of the
attachments may be made by clamping.

An 1nner portion 330 of the folded insulation layer 300 1s
adjacent to the first fixed end 310 of the folded insulation
layer 300. The inner portion 330 of the folded insulation layer
3001s provided between the tappet 110 and the bellows 150 1n
a direction of application of the brake pad 130 when the tappet
110 1s in the fully retracted state. Accordingly, the inner
portion 330 of the folded insulation layer 300 prevents the
bellows 150 from contacting the tappet 110 when the tappet
110 1s 1n the fully retracted state.

An outer portion 340 of the folded insulation layer 330 1s
adjacent to the second fixed end 320 of the folded 1nsulation
layer 300. As shown 1n FIG. 4, the outer portion 340 of the
folded insulation layer 300 may be folded within a space
outside of an outer circumierence of the bellows 150 when the
tappet 110 1s 1n the fully retracted state. Alternatively, the
outer portion 340 of the folded insulation layer 300 may be
rolled within a space outside of an outer circumierence of the
bellows 150 when the tappet 110 1s 1n the fully retracted state.
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When the tappet 110 extends toward the brake disc 120, the
bellows 150 expands to maintain the seal between the brake
caliper 140 and the tappet 110. For example, the outer cir-
cumierence of the bellows 150 1s fixed to the brake caliper
140, and remains in place when the tappet 110 extends toward
the brake disc 120. The inner circumierence of the bellows
150 may be fixed to the tappet 110, and move toward the brake
disc 120 with the tappet 110. Accordingly, the bellows 150
unfolds in a downward direction.

In order to protect the entire surface area of the bellows 150
as the bellows 150 unfolds, the folded insulation layer 300
also unfolds or unrolls 1n a similar manner. For example, as
the first fixed end 310 of the folded insulation layer 300 moves
in the downward direction with the tappet 110, the outer
portion 340 of the folded insulation layer 300 gradually
unfolds and leaves the space outside of the outer circumier-
ence of the bellows 150 to provide suilicient material to cover
the entire surface area of the bellows 150 as the bellows 150
unfolds. Therefore, the folded nsulation layer 300 protects
the entire bellows 150 from heat when the tappet 110 1s 1n the
tully retracted position, the fully extended position, and any
intermediate position.

FIG. 5 shows a partial sectional view of a disc brake 100
with an msulation shell 400 between the tappet 110 and the
bellows 150, according to another exemplary embodiment of
the present invention. Similar to FIGS. 1 and 4, the tappet 110
shown 1n FIG. § 1s 1n a fully retracted position. The insulation
shell 400 1s a flexible thermal 1nsulation material, which may
be a woven or knitted material. For example, the flexible
thermal 1nsulation material may be made of silica yarns, a
combination of silica and fiberglass yarns, or basalt yarns.
Other materials may be chosen to optimize temperature resis-
tance and disc brake design, and to mimimize cost. The 1nsu-
lation shell 400 shown in FIG. 5 performs a similar function
to the folded 1nsulation layer 300 shown in FIG. 4.

As shown in FIG. 5, the insulation shell 400 has a first fixed
end 410 and a second fixed end 420. The first fixed end 410
may be attached to the tappet 110 and the second fixed end
420 may be attached to the caliper 140. Alternatively, the first
fixed end 410 may be attached to the mner circumierence of
the bellows 150. Some or all of the attachments may be made
by clamping.

An 1nner portion 430 of the insulation shell 400 1s adjacent
to the first fixed end 410 of the insulation shell 400. The inner
portion 430 of the insulation shell 400 1s provided between
the tappet 110 and the bellows 150 when the tappet 110 1s 1n
the fully retracted state. The inner portion 430 of the 1nsula-
tion shell 400 prevents the bellows 150 from contacting the
tappet 110 when the tappet 110 1s 1n the fully retracted state.

An outer portion 440 of the msulation shell 400 1s adjacent
to the second fixed end 420 of the insulation shell 400. As
shown 1n FIG. §, the outer portion 440 of the insulation shell
400 1s folded within a space outside of an outer circumierence
ol the bellows 150 when the tappet 110 1s 1n the fully retracted
state. The 1nsulation shell 400 may be preformed so that the
outer portion 440 collapses to fill the space outside of the
outer circumierence of the bellows 150 when the tappet 110 1s
in the fully retracted state. This facilitates retraction of the
tappet 110 and maximizes the available space within the disc
brake 100.

When the tappet 110 extends toward the brake disc 120, the
bellows 150 expands to maintain the seal between the brake
caliper 140 and the tappet 110. For example, the outer cir-
cumierence of the bellows 150 1s fixed to the brake caliper
140, and remains in place when the tappet 110 extends toward
the brake disc 120. The mner circumierence of the bellows
150 may be fixed to the tappet 110, and move toward the brake
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disc 120 with the tappet 110. Accordingly, the bellows 150
unfolds 1n a downward direction.

In order to protect the entire surface area of the bellows 150
as the bellows 150 unfolds, the insulation shell 400 also
unfolds 1n a similar manner. For example, as the first fixed end
410 of the insulation shell 400 moves 1n the downward direc-
tion with the tappet 110, the outer portion 440 of the 1nsula-
tion shell 400 gradually untfolds and leaves the space outside
of the outer circumierence of the bellows 150 to provide
suificient material to cover the entire surface area of the
bellows 150 as the bellows 150 unfolds. Therefore, the 1nsu-
lation shell 400 protects the entire bellows 150 from heat
when the tappet 110 1s 1n the fully retracted position, the fully
extended position, and any intermediate position.

FIG. 6 shows a partial sectional view of a disc brake 100 in
which the bellows 500 1s a compound matenal that includes a
layer 520 of tlexible thermal 1nsulation material on which an
clastomer layer 510 1s formed, according to yet another exem-
plary embodiment of the present invention. Similar to FIG. 1,
the tappet 110 shown 1n FIG. 6 1s 1n a fully retracted position.
The layer 520 of flexible thermal insulation maternal 1s a
flexible thermal 1nsulation material, which may be a woven or
knitted material. For example, the flexible thermal 1insulation
material may be made of silica yarns, a combination of silica
and fiberglass yarns, or basalt yarns. Other materials may be
chosen to optimize temperature resistance and disc brake
design, and to minimize cost. The elastomer layer 510 may be
made of silicon rubber.

In the present exemplary embodiment, the layer 520 of
flexible thermal insulation material 1s integrated with the
clastomer layer 510 to form the bellows 500. The layer 520 of
flexible thermal 1nsulation material serves as a carrier mate-
rial for the elastomer layer 510. The elastomer layer 510 may
be molded or sprayed on the layer 520 of flexible thermal
insulation material. The elastomer layer 510 provides a seal
against dust, chemaicals, gases, and water, while the layer 520
of flexible thermal insulation material provides a thermal
barrier.

As shown 1n FIG. 6, the layer 520 of flexible thermal
insulation material faces the tappet 110 and the brake pad 130,
while the elastomer layer 510 faces the internal caliper com-
ponents. Like the bellows 150 shown in FIG. 2, when the
tappet 110 extends toward the brake disc 120, the bellows 500
expands to maintain the seal between the brake caliper 140
and the tappet 110. For example, the outer circumierence of
the bellows 500 1s fixed to the brake caliper 140, and remains
in place when the tappet 110 extends toward the brake disc
120. The inner circumierence of the bellows 300 may be fixed
to the tappet 110, and move toward the brake disc 120 with the
tappet 110. Accordingly, the bellows 500 shown in FIG. 6
unfolds 1n a downward direction, similar to the bellows 150
shown 1n FIG. 2.

Because the bellows 500 includes the layer 520 of flexible
thermal 1nsulation material, the elastomer layer 510 1s pro-
tected from heat as the tappet 110 extends and the bellows 500
unfolds. This 1s because the layer 520 of flexible thermal
insulation material 1s always positioned between the elas-
tomer layer 510 of the bellows 500 and the tappet 110. There-
fore, the layer 520 of flexible thermal insulation material
protects the entire elastomer layer 510 of the bellows 500
from heat when the tappet 110 1s 1n the fully retracted posi-
tion, the fully extended position, and any intermediate posi-
tion.

The bellows 500 made of the compound material can be
used to replace any bellows or deformable sealing element
within the disc brake 100. For example, the bellows 500 made
of the compound material could replace the guide pin bellows
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(not shown). The bellows 500 would be oriented such that the
layer 520 of flexible thermal insulation material faces a heat
source of the disc brake 100.

FIGS. 7A and 7B show examples of other configurations of
bellows made with the compound matenial according to
exemplary embodiments of the present invention. For
example, as shown 1n FIG. 7A, the bellows can include a first
layer 600 of tlexible thermal insulation material upon which
a first elastomer layer 610 1s formed, along with a second
layer 630 of tlexible thermal 1insulation material upon which
a second elastomer layer 620 1s formed. The first elastomer
layer 610 and the second elastomer layer 620 face each other
and are separated by an air gap 640. FIG. 8A shows an
exemplary embodiment of a disc brake that incorporates the
bellows shown 1n FIG. 7A.

Similarly, as shown 1n FIG. 7B, the bellows can include a
first layer 650 of flexible thermal 1nsulation material upon
which a first elastomer layer 660 1s formed, along with a
second layer 680 of flexible thermal insulation material upon
which a second elastomer layer 670 1s formed. The first elas-
tomer layer 660 and the second elastomer layer 670 may be
joined by a plurality of additional elastomer layers 690 to
form a series of stacked discs. Fach of the stacked discs
shown 1 FIG. 7B has a hollow core. FIG. 8B shows an
exemplary embodiment of a disc brake that incorporates the
bellows shown 1n FIG. 7B.

Exemplary embodiments of the present invention use a
flexible thermal 1nsulation material to protect the bellows of a
disc brake from heat generated during the braking process.
The 1nsulation material may be an insulation disc that i1s
inserted nto an existing air gap between the tappet and the
bellows. In another exemplary embodiment, the nsulation
material may be a folded or rolled insulation layer or shell that
unfolds or unrolls as the tappet extends toward the brake pad.
Alternatively, the bellows may be replaced by a compound
material that includes the isulation material as a carrier for
an elastomer layer.

The flexible thermal insulation material may be a woven or
knitted material, which advantageously provides an adaptive
and flexible shape. The flexible thermal nsulation material
may be made of silica yarns, a combination of silica and
fiberglass yarns, or basalt yarns, each of which provides very
good protection against conductive, convective, and radiative
heat transier. Using the flexible thermal insulation maternial to
insulate the rubber bellows can significantly extend the life-
time of the bellows and prevent a failure of the bellows.

The foregoing disclosure has been set forth merely to 1llus-
trate the invention and 1s not intended to be limiting. Since
modifications of the disclosed embodiments incorporating
the spirit and substance of the invention may occur to persons
skilled 1n the art, the invention should be construed to include
everything within the scope of the appended claims and
equivalents thereof.

What 1s claimed 1s:

1. A disc brake for a motor vehicle, the disc brake compris-
ng:

a brake disc;

a brake caliper configured to straddle the brake disc;

a tappet carried by the brake caliper and arranged to push a

brake pad against the brake disc; [and}

an air gap located between the tappet and the caliper, the

aiv gap varying in size as the tappet extends from a fully
retracted position away from the brake disc to a fully
extended position closer to the brake disc; and

a bellows [provided] extending across the air gap between

the brake caliper and the tappet to seal [a] the air gap
between the brake caliper and the tappet,
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wherein the bellows comprises:

a first layer ol non-metallic tflexible thermal insulation

material; and

a first elastomer layer formed on a first surface of the first

layer of non-metallic tflexible thermal insulation mate-
rial such that a first surface of the first elastomer layer
contacts the first surface of the first layer of non-metallic
flexible thermal 1insulation material,

wherein a second surface of the first layer of non-metallic

flexible thermal insulation material opposing the first
surface is exposed to and faces the brake pad, and
wherein a second surface of the first elastomer layer is
exposed to and faces [an] the air gap on a side of the first
elastomer layer facing away from the brake disc.

2. The disc brake according to claim 1, wherein the flexible
thermal 1insulation material 1s a woven or knitted material.

3. The disc brake according to claim 2, wherein the woven
or knitted material comprises silica yarns, a combination of
silica and fiberglass yarns, or basalt yarns.

4. The disc brake according to claim 1, wherein the elas-
tomer layer comprises silicon rubber.

[S. The disc brake according to claim 1, wherein the bel-
lows further comprises:

a second layer of flexible thermal insulation matenal; and

a second elastomer layer formed on a first surface of the

second layer of flexible thermal insulation material,
wherein the first elastomer layer and the second elastomer
layer are separated by the air gap.]
[6. The disc brake according to claim 1, wherein the bel-
lows further comprises:
a second layer of flexible thermal insulation matenal; and
a second elastomer layer formed on a first surface of the
second layer of flexible thermal insulation material,

wherein the first elastomer layer and the second elastomer
layer are joined by a plurality of additional elastomer
layers to form a series of stacked discs.]

7. A bellows for protecting internal components of a disc
brake for a motor vehicle, the bellows comprising:

a first layer of nomn-metallic tlexible thermal insulation

material; and

a first elastomer layer formed on a first surface of the first

layer of non-metallic flexible thermal msulation mate-
rial such that a first surface of the first elastomer layer
contacts the first surtace of the first layer of non-metallic
flexible thermal 1insulation material,

wherein a second surface of the first layer of non-metallic

flexible thermal insulation material opposing the {first
surface is exposed to and faces a heat source of the disc
brake, and

wherein a second surface of the first elastomer layer faces

an air gap on a side of the first elastomer layer facing
away from the brake disc.

8. The bellows according to claim 7, wherein the flexible
thermal 1insulation material 1s a woven or knitted material.

9. The bellows according to claim 8, wherein the woven or
knitted material comprises silica yarns, a combination of
silica and fiberglass yarns, or basalt yarns.

10. The bellows according to claam 7, wherein the elas-
tomer layer comprises silicon rubber.

[11. The bellows according to claim 7, further comprising:

a second layer of flexible thermal insulation matenal; and

a second elastomer layer formed on a first surface of the

second layer of flexible thermal insulation material,
wherein the first elastomer layer and the second elastomer
layer are separated by the air gap.]

[12. The bellows according to claim 7, further comprising:

a second layer of flexible thermal insulation matenal; and
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a second elastomer layer formed on a {first surface of the
second layer of flexible thermal 1nsulation material,
wherein the first elastomer layer and the second elastomer
layer are joined by a plurality of additional elastomer

layers to form a series of stacked discs.]

13. An axle for a motor vehicle, the axle comprising a disc

brake, wherein the disc brake comprises:

a brake disc;

a brake caliper configured to straddle the brake disc;

a tappet carried by the brake caliper and arranged to push a
brake pad against the brake disc; [and}

an air gap located between the tappet and the caliper, the
aiv gap varying in size as the tappet extends from a fully
retracted position away from the brake disc to a fully
extended position closer to the brake disc; and

a bellows [provided] extending across the air gap between
the brake caliper and the tappet to seal [a] the air gap
between the brake caliper and the tappet,

wherein the bellows comprises:

a first layer of non-metallic flexible thermal insulation
material; and

a first elastomer layer formed on a first surface of the first
layer of non-metallic tlexible thermal insulation mate-
rial such that a first surface of the first elastomer layer
contacts the first surface of the first layer of norn-metallic
flexible thermal 1nsulation material,

wherein a second surface of the first layer of non-metallic
flexible thermal insulation material opposing the first
surface is exposed to and 1aces the brake pad, and

wherein a second surface of the first elastomer layer is
exposed to and faces [an] the air gap on a side of the first
elastomer layer facing away from the brake disc.

14. A disc brake for a motor vehicle, the disc brake com-

prising:

a brake disc;

a brake caliper configured to straddle the brake disc;

a tappet carried by the brake caliper and arranged to push
a brake pad against the brake disc;,

an air gap located between the tappet and the caliper, the
aiv gap varying in size as the tappet extends from a fully
retracted position away from the brake disc to a fully
extended position closer to the brake disc;

a layer of non-metallic flexible thermal insulation material
extending across the air gap between the tappet and the
caliper; and

an elastomer layer configured to seal the aiv gap when the
tappet is inthe fully vetracted position, the fully extended
position, and any intermediate position, the elastomer
layver being formed such that a first surface of the elas-
tomer layer contacts at least a portion of a first surface
of the laver of non-metallic flexible thermal insulation
material in the fully vetracted position,

wherein a second surface of the layer of non-metallic flex-
ible thermal insulation matervial opposing the first sur-
Jace is exposed to and faces the brake pad,

wherein a second surface of the elastomer layer is exposed
to the air gap on a side of the elastomer layer facing
away from the brake disc, and

wherein the layver of non-metallic flexible thermal insula-
tion material is arranged to shield the entire first surface
of the elastomer laver from heat when the tappet is in the
Jully vetracted position, the fully extended position, and
any intermediate position.

15. The disc brake according to claim 14, wherein the

flexible thermal insulation material is a woven or knitted
material.
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16. The disc brake accovding to claim 15, wherein the
woven or knitted material comprises silica yarns, a combi-
nation of silica and fiberglass varns, or basalt yarns.

17. The disc brake according to claim 14, wherein the
elastomer layer comprises silicon rubber.

18. An axle for a motor vehicle, the axle comprising a disc
brake, wherein the disc brake comprises.:

a brake disc;
a brake caliper configured to straddle the brake disc;

a tappet carrvied by the brake caliper and arvanged to push
a brake pad against the brake disc;

an air gap located between the tappet and the caliper, the
aiv gap varying in size as the tappet extends from a fully
retracted position away from the brake disc to a fully
extended position closer to the brake disc;

a layer of non-metallic flexible thermal insulation material
extending across the air gap between the tappet and the
caliper;

an elastomer layver configured to seal the air gap when the
tappet isin the fully retracted position, the fully extended
position, and any intermediate position, the elastomer
laver being formed such that a first surface of the elas-
tomer layer contacts at least a portion of a first surface

of the laver of non-metallic flexible thermal insulation
material in the fully rvetracted position,

wherein a second surface of the laver of non-metallic flex-
ible thermal insulation material opposing the first sur-
Jace is exposed to and faces the brake pad,
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wherein a second surface of the elastomer layer is exposed
to the air gap on a side of the elastomer layer facing
away from the brake disc, and

wherein the layer of non-metallic flexible thermal insula-

tion material is arranged to shield the entire first surface
of the elastomer layer from heat when the tappet is in the
fully vetracted position, the fully extended position, and
any intermediate position.

19. The axle according to claim 18, wherein the elastomer
laver is formed so as to be folded within the air gap in the fully
retracted position and unfolded as the tappet moves toward
the fully extended position.

20. The axle according to claim 19, wherein the layer of
non-metallic flexible thermal insulation material is arranged
to prevent contact between the elastomer layer and the tappet
when the tappet is in the fully vetracted position, the fully
extended position, and any intermediate position.

21. The disc brake accovding to claim 14, wherein the
elastomer layer is formed so as to be folded within the aiv gap
in the fully retracted position and unfolded as the tappet
moves toward the fully extended position.

22. The disc brake according to claim 21, wherein the layer
of nomn-metallic flexible thermal insulation material is
arranged to prevent contact between the elastomer layer and

the tappet when the tappet is in the fully vetracted position, the

25 fully extended position, and any intermediate position.

23. The bellows according to claim 7, wherein the first
laver of non-metallic flexible thermal insulation material
serves as a carrier material for the first elastomer layer.
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